SUMMARY Four patients with cortical myoclonus were studied. All had reflex muscle jerking and grossly enlarged somatosensory evoked responses (SEPs) following electrical stimulation of the digital nerves. In addition, three of the patients had spontaneous or action-induced myoclonus. Back-averaging the EEG from these spontaneous muscle jerks showed a large positive wave over the contralateral somatomotor cortex which preceded the jerk by about 20 ms. Administration of lisuride (0.1 mg iv) reduced the severity of the reflex and spontaneous myoclonus, but had no effect on, or increased the size of the SEP. Two of the patients also received 1 mg clonazepam iv. As with lisuride, the severity of myoclonic jerking was reduced although the size of the SEP was increased. It is concluded that the usual association between giant SEPs and reflex muscle jerking can be abolished by acute administration of lisuride and clonazepam in patients with cortical myoclonus.
A striking abnormality of the somatosensory evoked potential (SEP) is its pathological enlargement in certain types of myoclonus 1-3 and epilepsy.4-6 The origin and significance of these giant potentials is a matter of debate, but they probably represent the synchronous depolarisation or discharge of a large group of neurones in the sensori-motor cortex. Not all patients with myoclonus have enlarged SEPs.5 In those who do, the size of these responses often correlates with the degree of therapeutic control of the muscle jerks'-9. When the myoclonus is wellcontrolled, the size of the SEP is reduced. However, while such a general correlation exists, Halliday4' pointed out that, on occasion, large SEPs may not be followed by myoclonic jerks. He speculated that this might be due to a refractory state of spinal cord motoneurons.
The stimulus used to evoke the SEP also produces a reflex myoclonic jerk in such patients. Kugelberg and Widen2 observed in one patient that removal of a small zone of the motor cortex abolished the enlarged SEP and the stimulus-evoked long latency muscle jerking in the leg. Several authors3'4 6 10 subsequently have confirmed that the interval between This form of myoclonus has been described as cortical reflex myoclonus. '0 1314 Many patients with enlarged SEPs also have spontaneous myoclonic jerks. In these individuals a large potential in the EEG frequently precedes each jerk. Back-averaging the EEG activity preceding the spontaneous muscle jerks reveals a potential that has the same form and spatial location as the primary complex of the enlarged SEP; it precedes the muscle jerk by the same time interval.6 10 Such patients are said to have spontaneous cortical myoclonus.'4 Many patients with cortical myoclonus exhibit both reflex and spontaneous jerks, but the two do not always occur together.
The simplest conclusion from these observations is that the giant SEP, and its equivalent spontaneous cortical potential, are in some way responsible for the myoclonus. The enlarged components of the SEP could be caused by a synchronised discharge of cortical pyramidal tract cells, which might also generate a volley conducted down the direct projection to spinal alpa-motoneurones to evoke the myoclonic jerk. However, during the course of investigations into the treatment of this type of myoclonus, we found that the giant SEPs and the myclonic jerks 33 34 responded differently to the administration of lisuride, a dopamine and serotonin agonist. Lisuride could markedly reduce the frequency and severity of myoclonic jerking whilst at the same time the amplitude of the SEP was unaffected or even increased. This chance observation of a dissociation between the size of the SEP and the muscle jerks led to a more detailed investigation of the results of intravenous administration of lisuride and clonazepam in four patients with cortical myoclonus.
Methods
The clinical details of the four patients referred to in this paper have been described in a previous pharmacological paper." A brief summary is provided in radialis. This patient had reflex myoclonus in the right hand (see lower trace in C) and an extremely large P1 -N2 component of the SEP over the contralateral hemisphere following right finger stimulation. In contrast the Ni component, which was probably analogous to the N20 of normal subjects, and all early cervical components of the SEP were normal and ofequal amplitude on both sides. Stimulation occurs at 0 ms in A and B, and at 50 ms (stim) in C.
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the basis of our previous classification,'417 these patients were designated as having cortical myoclonus. The sizes of both the reflex muscle jerks and of the SEPs were related to the stimulus intensity. In each individual, in averaged records, there was a clear relationship between the size of the P1 and N2 components of the evoked cortical response and the EMG jerk ( fig 3A) . In contrast, in individual runs there often was a discrepancy between the two events ( fig 3B) . However, when the size of the P1-N2 response was measured in a large series of single records, there was a correlation with the size of the muscle jerks ( fig 3C) . This correlation was not evident if the Niresponse was measured instead.
In one patient we also were able to observe the relation of cortical activity to the size of spontaneous muscle jerks. In single records there frequently was a discrepancy between the size of the cortical event and the EMG jerk. However, like the reflex jerks referred to above, in averaged records there was correspondence between the two. Large EMG bursts were preceded by large cortical waves recorded from the contralateral cortex (fig 4) . Each patient received an injection of lisuride (0.1 mg iv). In all cases there was a marked reduction in the incidence and degree of spontaneous and action-induced myoclonic jerking, as evaluated clinically (table 3) . The amplitude of the reflex EMG bursts evoked by digital stimulation decreased with lisuride in three patients but was only sligh!y reduced in one (case EA). The size of the P1-N2 component of the SEP was greater after lisuride in three cases but there was no change in the other patient (PM). Figure 5 shows the individual results from two representative patients (JB and PM) before and after administration of lisuride. In JB there was a considerable reduction in the evoked myoclonic EMG burst with an increase in the amplitude of the P1-N2 component of the SEP (fig SA) .
In the other patient (PM) the jerk virtually disappeared without a reduction in the amplitude of the SEP ( fig 5B) .
On a different occasion two patients (JB and CG) received 1 mg of clonazepam intravenously. Their spontaneous and action-induced jerks also improved a few minutes after the injection. The amplitude of reflex jerks evoked by digital nerve stimulation was reduced in both cases, but there was a concomitant increase in the size of the SEPs. (fig  6A table 3) . However, the spontaneous EEG brain wave preceding the jerks in patient (JB) was greatly reduced after clonazepam, (fig 6B) , thus maintain- The electrophysiological feaures of the four patients described here were, (1) short duration (less than 100 ms) EMG bursts which often were synchronous in antagonist muscles, (2) greatly enlarged SEPs; the peak of the P1 component preceded the onset of reflexly-evoked jerks by 15-22 ms, and (3) focal EEG potentials over the contralateral scalp; the peak of these potentials preceded the onset of spontaneous jerks by 17-22 ms. These findings are consistent with our classification of cortical myoclonus. '°14 17 It has been tempting to assume that the giant SEPs cause the myoclonic jerks. The latencies between the peak of P1, or the equivalent EEG positive wave preceding spontaneous jerks, and the onset of the EMG bursts responsible for the myoclonus are similar to conduction time in fast corticospinal (pyramidal) pathways. The most recent measurements on normal, awake subjects, using high voltage stimulation of the motor cortex through the scalp give latencies of about 23 ms for activation of intrinsic hand muscles from the brain.'2 The latency of activation of the same muscles from stimulation of the cervical cord is some 5-6 ms less, which would suggest a fast-conducting, and probably monosynaptic, activation of the spinal alphamotoneurones. The Do the giant SEPs indicate that the area of cortex responsible for their source is the site of primary abnormality? Possibly so, but the giant SEPs could be due to abnormal input into that cortical area. The only electrophysiological evidence relevant to this point is the observation that the Ni was normal in size in two of the four patients we studied, and only slightl increased in the other two. By analogy with the N20 of normal individuals, we think that the T1 may represent the effect of the arrival of the thalamo-cortical volley into somatosensory cortex. 18 Lisuride and clonazepam did not alter the size of the N1, suggesting that in the present patients their therapeutic actions were due to effects on intrinsic cortical mechanisms rather than on cortical inputs. However, the possibility that the giant P1-N2 com- plex is due to abnormal input of slow conducting afferents cannot be excluded. It must also be stressed that there may well be other types of cortical myoclonus which an abnormal input into the cortex generates a similar giant P1-N2 complex.
In conclusion, the data available suggest that the giant SEPs may arise either in the pyramidal tract cells of the motor cortex or in distant areas of cortex, the outputs of which then drive the pyramidal tract neurons to produce the myoclonic jerks. The action of clonazepam and lisuride, when administered acutely iv, could be at the level of this connexion or, if the large SEPs are generated in the motor cortex, they may act directly on inhibitory interneurons in the motor cortex or on other intemeurons in the pathway to the spinal cord.
